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cell carcinoma treated by radical irradiation
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Abstract

Background: It is very important to determine the indication of mold radiotherapy for the radical treatment of oral
cancer. We investigated eight patients with oral squamous cell carcinoma who were treated by radical irradiation with
mold radiotherapy using a customized device.

Methods: The subject is a case of curable superficial oral cancer of a few millimeters, or cancer of a size that can

be cured by the placement of the radiation source. Of the eight patients, six were male and two were female, aged
64-93 years (mean, 78.9 years; median, 73.5 years). The primary sites were the buccal mucosa in three cases, gingiva in
two cases, and floor of the mouth, soft palate, and lower lip in one case each. Five cases were in the T1 stage, and the
remaining three cases were in T2. With respect to thickness, seven cases were of the superficial type and could not be
detected by magnetic resonance imaging or computed tomography, and the remaining case showed a tumor thick-
ness of 7.5 mm. All cases were diagnosed as squamous cell carcinoma by biopsy. Radical irradiation using mold radio-
therapy was planned for all eight patients. Irradiation was delivered in 9-10 sessions, with a total dose of 45-50 Gy.

Results: Complete response was attained in six of the eight patients and partial response was observed in two
patients, requiring additional treatment.

Conclusion: Since all patients with complete response had superficial cancers, we hypothesized that superficial can-
cers of the oral cavity with thicknesses of few millimeters could be indicated for mold irradiation. This method can be
applied in complicated cases and older patients in whom surgery or chemotherapy may not be feasible. We believe
that the results of our clinical studies will be of great help in choosing this method.
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Background

The choice of treatment for oral cancer by surgery is not

just governed by factors such as the risk of complications

and age. The oral cavity performs several important func-

tions, such as speech, mastication, and swallowing, and
*Correspondence: noguchit@jichiacjp radiotherapy may need to be selected considering the
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Mold radiotherapy is delivered from a source close to
the tumor, thereby limiting the area of irradiation and
allowing the treatment to be completed in a short period.
This method of treatment can be employed in compli-
cated cases and older patients in whom the feasibility rate
of surgery and/or chemotherapy may be limited.

Previously, we reported a method of mold irradiation
using a customized device and specific methods for var-
ied treatment modalities, such as radical irradiation,
adjuvant irradiation before and after surgery, and pallia-
tive irradiation [1].

In this study, we investigate eight cases of oral squa-
mous cell carcinoma treated by radical irradiation using
mold radiotherapy and report the indications and limita-
tions of radical irradiation with mold radiotherapy.

Methods

From October 2006 to December 2019, we diagnosed
oral squamous cell carcinoma and performed mold radi-
otherapy using a customized device in 18 cases. Herein,
we report eight cases that were treated by radical irradia-
tion using mold radiotherapy (Table 1).

The eight patients comprised six male and two female
patients, aged 64-93 years (mean, 78.9 years; median,
73.5 years).

The primary sites of oral squamous cell carcinoma were
the buccal mucosa in three cases, gingiva in two cases,
and floor of the mouth, soft palate, and lower lip in one
case each.

Of the eight cases, four were incipient cases, three were
recurrence cases after radiotherapy, and one was a recur-
rence case after chemoradiotherapy.

Regarding the “T” element of the TMN classification,
five cases were in the T1 stage, and the remaining three
cases were in T2. With respect to thickness, seven cases
were of the superficial type and could not be detected by
magnetic resonance imaging (MRI) or computed tomog-
raphy (CT), and the remaining case showed a tumor
thickness of 7.5 mm.

Esthetics was a major concern in the case of labial car-
cinoma; surgery was refused by a patient with maxillary
gingival carcinoma, and six cases were identified as dif-
ficult to operate due to potential complications and age.
Hence, radical irradiation using mold radiotherapy was
planned for all eight patients. Table 1 presents the smok-
ing/drinking history, physical condition and neurological
examination, and employment history of the patients.
Laboratory finding are presented in Table 2.

If the tumor was located in a region where impres-
sion-making was possible, a plaster working model was
prepared by recording an impression of the tumor and
associated areas. A plastic plate was fabricated using
1.5-mm Erkodur (Erkodent Inc., Germany). The range
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of irradiation was set just above the marked tumor, and
catheters (1.7 mm in diameter and 200 mm in length)
were fixed with resin at parallel intervals of 10 mm for
delivering the source.

The plastic plate was used as a fixation device to ensure
reproducibility and was supported by the teeth in dentate
patients.

In cases of edentulous patients and patients with few
remaining teeth, the device was stabilized by occluding
with a similar plate fabricated on the opposite jaw. In
cases of carcinoma of the buccal mucosa, a 2-mm thick
acrylic plate was fixed to the plastic plate, and the com-
bined plate was placed in the correct orientation in the
oral cavity. Thereafter, the tumor area was marked, and
the catheters were fixed.

Irradiation was performed with a remote after-loading
system (RALS; Multisource, Eckert & Zieglen, BEBIG
Corporation, Germany), by which ¢°Co is remotely deliv-
ered to the affected area. The required doses of brachy-
therapy were delivered by HDR plus (Eckert & Zieglen,
BEBIG Corporation, Germany). Dose assessment points
were essentially set at a depth of 5 mm from the surface
of the tumor. When a fixture is involved, the distance
from the radiation source is often 6-7 mm due to the
added thickness of the device.

Irradiation was delivered at a dose of 5 Gy twice
daily for a total dose of 45-50 Gy in 4.5-5 days (in this
case, the biologically effective dose was calculated as
a/f=10 Gy, which was equivalent to approximately
56—64 Gy in a standard 2 Gy per fraction equivalent dose,
according to the linear-quadratic model).

In addition, surgical gauze was interposed as a spacer
between the device and oral mucosa to minimize the
exposure of the oral mucosa other than the affected area.

The oral examination after mold radiotherapy was
mainly a visual inspection, and CT and MRI exami-
nations were performed regularly for the detection of
recurrence.

Results

Table 3 presents the treatment results for all eight
patients. The treatment was completed in all eight
patients. Complete response (CR) was observed in six
of the patients (CR rate 75%), all of which were superfi-
cial cancers and could not be detected by magnetic reso-
nance imaging (MRI) or computed tomography (CT).
Of the two cases of partial response, one case with lower
lip cancer had a thickness of 7.5 mm. This case showed
CR after an additional session of mold radiotherapy
by direct intratumor puncture of the catheter, and the
other case was surgically treated by partial resection of
the residual tumor with no evidence of recurrence until
now. Acute mucosal reactions in the irradiated field were



Page 3 of 7

(2022) 16:178

Noguchi et al. Journal of Medical Case Reports

aseas|p Areuow|nd aAIIINIISGO JIUOIYD dOD

190Ued
|eabeydos]
2a/ojdwa Auedwod |eULION [BUWLION 1XULIP JaAT 1XOWS I 192Ued DlISeD) OWONLL wadpu) eabuibiaddn 49 W 3
JERIVL:S)
bun1adod
uon (uoneipelnnsod)
pakojduwaun |eULION 35N JIBYD[@YM SUON IOWS  -DIejul [elpIedOAIN OWONZLA 90Ua.Nd3Y esodnwi exdng 88 W /
(uoneipelowsayd
9a/ojdwa Auedwod |eUWLION [BWION SUON SUON 1545 UellerQ OWONLL4 -3s0d) @duaunday eapuibiaddn |/ 4 9
9JIMISNOH |EULION [PWLION QUON SUON dAjod uojod OWONZL uaidipy) dijrleamol ¢/ 4 S
abeyl
-Joway |eigalad)
eluowl
9a/ojdwa Auedwiod) eibajdiway 35N JIeYd[93YM SUON JNOWS I9AT  -naud uonesdsy OWONZL uaidipy) oleedyos 0oL W ¥
2IN|lej [euay
J192Ued [PWDET
9a/kojdwa Auedwiod |BULION [PWION 19XULIP J9AT 193OWS J9AJ 132Ued UO|0D) OWON L uaidpul esoonwiedng /W €
uonD.ejul [eIgaIaD) (uonelpelnsod)
aakojdwa Auedwod wnuip WOIN 35N JIeYD[@3YM 13YULP J9AT JENCIINPET | uone||uqy jery OWONL L/ 2DUBLNI3Y YNOW JoIoo4 €6 W 14
190Ued Jappe|g (uonelpelnsod)
Jaulied [eWION [PWION SUON 13X{OWS ISAT JER=RRI=IVEN] OWONL L 2dUBLND3Y esodnwieddng 8/ W L
fioisiy uopeujwexa uonIpuod Bupjulp Bupjows uonesyissed 9dUdINd3I
juawAhojdwgy ABojoinaN |ed1sAyd Jo K103sIH jo K1oasiH  K1oasiy [edipay WNL uaidpu)  saus Alewd aby xas  ase)

(1 "oN) syuaned 1ybia ay3 jo Alewwins L ajqeL



Noguchi et al. Journal of Medical Case Reports (2022) 16:178 Page 4 of 7

Table 2 Laboratory findings of the eight patients

Case Leukocytes Erythrocytes Hemoglobin Platelets BUN (mg/dL) Creatinine ALT (U/L) AST (U/L)
(x10% pL) (x10% L) (g/dL) (x10%uL) (mg/dL)

1 36 382 85 313 20 1.01 14 6

2 43 482 13.1 109 25 1.29 21 7

3 7.0 325 10.8 19.7 60 3.31 21 13

4 9.2 401 13.1 219 17 0.65 52 122

5 3.0 418 134 103 15 0.60 19 19

6 3.6 383 12.0 234 15 048 25 24

7 26 340 114 14.0 10 0.69 18 M

8 5.1 421 12.5 216 13 1.05 49 72

Table 3 Summary of the eight patients (No. 2)

Case Size (mm) Thickness Number of Dose rate Systemic side effects Local side effects Response Follow-up

catheters (Gy/fr/days) Shortterm/longterm  Short term/long term (months)

1 20x 10 Superficial® 3 50/10/5 None/none Mucositis/none CR 138

2 9x5 Superficial® 2 50/10/5 None/none Mucositis/none CR 94

3 19%x14 Superficial® 2 50/10/5 None/None Mucositis/none CR 35

4 22 x 21 Superficial® 3 50/10/5 None/none Mucositis/none CR 19

5 13x12 7.5mm 2 50/10/5 None/none Mucositis/none PR 19

6 5x5 Superficial® 2 45/9/4.5 None/none Mucositis/none CR 12

7 21 x5 Superficial® 3 50/10/5 None/none Mucositis/none PR 69

8 10x8 Superficial® 3 50/10/5 None/none Mucositis/none CR 84

2 Difficult to measure on images

CR complete response, PR partial response

observed in all cases, and Grade 2 mucositis peaked at
1-2 weeks after irradiation and continued until approxi-
mately 5 weeks. All cases were treated by azulene gargles
and regular oral care. All patients continued oral intake
satisfactorily. No local or systemic short/long term side
effects, including osteoradionecrosis of the jaws, were
observed during the follow-up period.

Case presentation (Case 4)

A 70-year-old man was referred to our hospital because
of mass lesions with erosion in the center of the soft pal-
ate (Fig. 1). Biopsy revealed well-differentiated squamous
cell carcinoma. The patient experienced repeated epi-
sodes of aspiration pneumonia due to hemiplegia caused
by a cerebral infarct. Hence, surgery under general anes-
thesia was determined difficult to perform.

The patient was treated with radical irradiation using
mold radiotherapy with a customized device. Three cath-
eters were embedded in the plastic plate, which was fab-
ricated from acrylic resin. The locations of the catheters
were determined according to the tumor boundaries seen
on the plaster model (Fig. 2).

We bent the catheters slightly, ensuring that the radia-
tion source was not obstructed. The device was placed

Fig. 1 Tumor in the middle of the soft palate (white arrows)

in the oral cavity and mold radiotherapy was performed
with Multisource (Fig. 3). A total dose of 50 Gy was
administered in 5 days. Radiation mucositis peaked at
10 days after treatment. After the treatment, aspiration
pneumonia did not recur, and no eating disorders were
observed.
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Fig. 2 Tumor boundary marked on the surface of the device. Three catheters are embedded in parallel (A). The device is stabilized by occluding

with a similar device fabricated for the mandible (B)

Fig. 3 Intraoral placement of the device

Fig. 4 Intraoral findings 19 months after treatment. There is no sign
of tumor recurrence

There was no sign of tumor recurrence during the
19 months of follow-up (Fig 4).

Discussion

Mold radiotherapy is high-dose-rate brachytherapy using
a RALS that delivers high doses of iridium or cobalt from
an applicator remotely.

The most common indications for RALS in the oral
cavity are tongue and soft tissue lesions including the lips
and floor of the mouth, for which plastic catheters can
be used for puncture [2—-6]. However, catheter insertion
is difficult for palatal and gingival lesions and, therefore,
not indicated in such cases.

Recently, RALS is being used with customized mold
radiotherapy that does not require puncture for oral
tumors. Several cases of oral cancers have been treated
with mold radiotherapy using a customized device
[7-12]. Therefore, we fabricated a customized device
that can fix the plastic catheters used for delivering the
radiation source in a highly reproducible position for the
use of the RALS in narrow and complicated anatomical
regions, such as the oral cavity.

The most important factors determining the indica-
tions of mold radiotherapy are the primary site and
thickness of the tumor. Regarding the primary site of the
tumor, mold radiotherapy is indicated in regions where
the device can be easily placed and in cases where the
plastic catheter can be easily fixed without significant
anatomical flexion. Therefore, it is indicated in gingival
and palatal lesions, especially hard palatal lesions, but
other sites have also been reported to be treated using
mold radiotherapy [6-11].
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The customized device is a plastic plate, which is fab-
ricated on the working plaster model of the tumor, and
the catheter is placed just above the tumor. The cath-
eter should be attached without any bends to prevent
the obstruction of the radiation source. Irradiation at
a reproducible location is possible by fixing the plastic
plate to the teeth in patients with an adequate number of
remaining teeth. In patients with edentulous jaws or few
remaining teeth, an additional plastic plate is fabricated
for the opposite arch, and occlusion is simulated for
ensuring the stability of the plate.

In addition, irradiation at a reproducible location for
soft tissue lesions, such as those of the tongue, floor of
the mouth, and buccal mucosa, can be ensured by using
plastic plates with adhered acrylic plates and placing the
plastic catheter under pressure from the acrylic plate.

Regarding the thickness of the tumor as a factor in
determining the indications of radical irradiation using
mold radiotherapy, this type of treatment is indicated
in superficial cancers with a thickness of a few millim-
eters. As six of our eight cases showed CR and all six CR
cases were superficial cancers, the assessment points
were essentially set at a depth of 5 mm from the surface
of tumor. These cases of superficial cancer could not be
detected by CT or MRL

Nishimura et al. [9] reported that because the isodose
at 10 mm from the surface of the mold is approximately
half of the reference dose at 5 mm, the radiation dose to
the residual tumor cells at sites further from the tumor
surface might be insufficient. Mold radiotherapy is indi-
cated in early-stage superficial cancers and not in tumors
thicker than 5 mm.

In recent years, the ultrasound probe has become
smaller, and ultrasound imaging of the oral cavity is now
possible.

For superficial oral cancers, it is indispensable to meas-
ure the thickness of the tumor by ultrasound and evalu-
ate whether mold radiotherapy can be applied.

In cases with thicker lesions, it is necessary to consider
alternate treatment methods that provide enhanced ther-
apeutic effects, such as combination with external irra-
diation or low-dose rate.

Of the two cases of recurrence, the case with lower lip
cancer had a thickness of more than 5 mm; hence, irra-
diation was performed with the catheter sandwiched
between two sides of the tumor. However, CR was not
attained. The lower lip is a movable structure, and there
is no method of adequate fixation, suggesting that it
could not be fixed in a reproducible position. Therefore,
the irradiation dose might not have been sufficient.

The other was a recurrence case after external irradia-
tion of buccal mucosal cancer, and the boundaries of the
tumor were unclear. Hence, sufficient dose could not be
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delivered. In cases of recurrence after external irradia-
tion, accurate determination of the tumor boundaries is
difficult due to scarring, erosion, and dilation of capillar-
ies associated with the mucous membrane. Such lesions
with unclear boundaries show high risk of recurrence.
Such cases should be dealt with by using alternate meth-
ods, such as wider setting of the irradiation range.

Mold radiotherapy can be applied to patients with
complications, and older patients in whom surgery or
chemotherapy may not be possible, with consideration of
other existing factors.

Cases with tumor thickness exceeding 5 mm, unclear
boundaries, difficult to determine irradiation ranges,
anatomical limitations to catheter placement, and nonre-
producible catheter positions are not indicated for mold
treatment.

Conclusions

To summarize, we reported eight cases of oral squamous
cell carcinoma treated by radical irradiation using mold
radiotherapy with a customized device. Mold radiother-
apy using a customized device can be applied in com-
plicated cases and older patients in whom surgery or
chemotherapy may not be feasible, especially for superfi-
cial oral cancers with a thickness of a few millimeters and
with clear boundaries.
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